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Background: Lipid accumulation product (LAP) as a powerful marker of visceral obesity is 
an independent risk factor of chronic kidney disease. The present study attempted to explore 
the association between LAP and albuminuria in prediabetic individuals.
Methods: We conducted a cross-sectional study and enrolled 26,529 participants with 
prediabetes over 40 years old with prediabetes from seven provinces in China. LAP was 
calculated from waist circumference and fasting triglycerides. Elevated albuminuria was 
defined by urinary albumin-creatinine ratio (uACR) ≥30 mg/g. Propensity score matching 
was applied to reduce bias, comparison between LAP and other traditional visceral obesity 
indices was performed and multiple logistic regression models were conducted to assess 
the association between LAP and albuminuria in the prediabetic population.
Results: Individuals with uACR ≥30 mg/g were older and had higher BP, BMI, WC, TG, 
fasting insulin, glycohemoglobin and LAP, as well as lower eGFR and HDL level. Multiple 
logistic regression analysis showed elevated LAP was associated with increased odds of 
albuminuria (OR [95%CI]Q2 vs Q1 1.09 [0.94, 1.27], OR [95%CI]Q3 vs Q1 1.13 [0.97, 1.31], 
OR [95%CI]Q4 vs Q1 1.42 [1.21, 1.67], P for trend=0.018), and superior over waist-to-hip 
ratio or waist-to-height ratio. Stratification indicated that the prediabetic population with 
higher LAP level and characterized by female gender, middle age, being overweight, and rise 
in blood pressure were more likely to have increased uACR.
Conclusion: Elevated level of LAP was associated with increased albuminuria in the 
prediabetic population in China.
Keywords: albuminuria, lipid accumulation product, prediabetes, visceral obesity

Plain Language Summary
1. This is the first multicenter, large-sampled cross-sectional study of association between 
Lipid accumulation product (LAP) and urinary albumin to creatinine ratio (uACR) in the 
Chinese prediabetic population.

2. LAP is positively correlated with increased uACR. Prediabetic individuals with higher 
LAP level and characterized by female gender, middle age, being overweight and rise in 
blood pressure were more likely to have increased uACR.

Introduction
Data from the International Diabetes Federal Diabetes Atlas 2019 indicated that 
prediabetes is an increasingly common global condition as 1 in 13 adults 
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have impaired glucose tolerance.1 The estimated standar
dized prevalence of prediabetes among the Chinese adult 
population was 35.7%.2 Compared with nondiabetic popu
lation, individuals with prediabetes had a 15% higher risk 
of prevalent chronic kidney disease (CKD) (OR: 1.15, 
95%CI: 1.02–1.32) according to the REACTION study.3 

Besides, dramatically increased prevalence of obesity also 
substantially affected the patterns of CKD. Adjusted 
hazard ratios for declined estimated glomerular filtration 
rate (eGFR) were 2.02 (95%CI: 1.80–2.27) with body 
mass indices (BMI) 40 kg/m2 comparing to BMI of 
25 kg/m2,4 A recent UK Biobank study that enrolled 
0.4 million people proved that each 5 kg/m2 ascending in 
BMI was associated with a 47% (46–49%) increase in the 
odds of higher urinary albumin-to-creatinine ratio (uACR) 
category.5

To further evaluate obesity-associated risks, an alter
native continuous index of lipid over accumulation, the 
lipid accumulation product (LAP), was calculated from 
waist circumference (WC, cm) and fasting triglycerides 
(TGs) (mmol/L): (WC: 65)⨰TG (men) and (WC: 58) 
⨰TG (women), initially for better identifying visceral 
obesity and insulin resistance, elevated glucose, and dia
betes than BMI did.6 Recent studies found that LAP also 
acquitted itself well in predicting cardiovascular risks7,8 

and identifying CKD9,10 in the healthy population. 
However, evidence in association between LAP and renal 
dysfunction in the prediabetic population is lacking, thus 
the aim of our study was to explore the association 
between LAP and albuminuria in the prediabetic 
population.

Methods
Participants and Study Design
Cross-sectional data from seven provinces across China 
was collected in this study, as a part of the ongoing risk 
evaluation of cancers in Chinese diabetic individuals 
a longitudinal (REACTION) study. Baseline assessments 
included a standardized questionnaire supplemented by 
interviews, standardized physical and functional measure
ments and the collection of biological samples. A total of 
47,807 participants over 40 years old were recruited from 
May to December 2011. The protocol was approved by the 
Clinical Research Ethics Review Board of Rui-Jin 
Hospital (No. 2014–25), which was consistent with the 
Declaration of Helsinki. All participants gave written 
informed consent.

Participants with self-reported diabetes, kidney dis
eases, or undergoing lipid-lowering, antihypertensive 
(including angiotensin converting enzyme inhibitors or 
angiotensin receptor blocker) or hypoglycemic treatment, 
and those without data on adiposity measures, blood pres
sure, glycosylated hemoglobin (HbA1c), fasting blood 
glucose (FBG), 2 h postload blood glucose (PBG), urinary 
albumin or urinary creatinine were excluded. In total 
26,529 participants with prediabetes were enrolled. 
Further propensity matching was used to reduce potential 
bias. Eventually, 16,631 eligible participants were ulti
mately included in the final analysis (Figure 1).

Data Collection and Measurements
The REACTION study consists of a standardized inter
view, followed by a physical examination and blood and 
urine collection at authorized examination centers. Self- 
reported information on demographics (age, gender), 
health conditions (diagnosed hypertension, cardiovascu
lar diseases, and family history of diabetes), smoking and 
drinking habits were obtained during the interview. The 
prescription medication information was recorded by the 
interviewer of the medication names from the package 
provided by the participant. Height and weight were 
measured during the examination. BMI was computed 
by dividing weight in kilograms by height in meters 
squared (kg/m2). Waist circumference (WC) and hip cir
cumference (HC) were measured in centimeters. LAP, 
waist-to-hip ratio (WHR) and waist-to-height (WHtR) 
Ratio were computed. Blood pressure (BP) was measured 
three times with intervals of one minute in a seated 
position after a resting period of five minutes.

After 8–12 h overnight fasting, venous blood samples 
were collected followed by second venipuncture sampling 
in 2 h after oral glucose tolerance test (OGTT): consump
tion of a 300 mL glucose solution containing 75 g glucose 
within 5 min. Fasting insulin was tested via photochemi
luminescence; FBG, PBG, HbA1c, high-density lipopro
tein cholesterol (HDL), low-density lipoprotein cholesterol 
(LDL), total cholesterol (TC), TG, alanine transferase 
(ALT), aspartate transferase (AST) and serum creatinine 
were measured via enzymatic methods.

Participants answering “no” to self-report diagnosed 
diabetes underwent OGTT. Prediabetes is defined as hav
ing either impaired glucose tolerance (IGT) with 
2-h postload plasma glucose (PPG) ≥7.8 mmol/L but 
<11.1 mmol/L and/or impaired fasting glucose (IFG) 
with fasting plasma glucose (FPG) ≥6.0 mmol/L but <7.0 
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mmol/L.11 Prediabetes was defined as IFG in absence of 
IGT or a combination of both.12

The Chronic Kidney Disease Epidemiology 
Collaboration formula fitting Asian females was applied to 
calculate eGFR (mL/min/1.73 m2).13 Random spot urine 
samples were obtained, and urine albumin and creatinine 
were measured using frozen specimens. Urine albumin was 
measured using solid-phase fluorescence immunoassay; 
urine creatinine was measured using the modified Jaffe 
kinetic method in the same laboratory. The uACRs were 
calculated using formula as: urinary albumin (mg)/urinary 
creatinine (g). Each authorized examination center used the 
same range and units of measurement. The uACR was 
divided into two groups: normo-albuminuria: uACR 

<30 mg/g and increased albuminuria: uACR ≥30 mg/g, indi
cating kidney damage according to KDIGO-CKD 
guidelines.14 LAP was divided into quartiles for the analysis.

Based on daily cigarette consumption, smokers were 
classified into regular smokers (at least one cigarette 
per day) and occasional smokers (less than one cigarette 
per day or seven cigarettes per week). Based on drinking 
frequency, regular drinkers were defined as drinking at 
least once a week for over six months and occasional 
drinkers drank no more than once a week.

Statistical Analysis
Statistical analysis was performed via Empower (R) ver
sion 2.2 (www.Empowerstats.com, X&Y Solutions Inc., 

REACTION study
(n=47807)

Exclusion
Diagnosed Diabetes (n=4905) 
Normo-glycemia (n=10200)

Propensity Score Matching

Study Population after 
Propensity Score Matching

(n=16631)

Study Population before 
Propensity Score Matching

(n=26529)

Exclusion
Lipid-Lowering Drugs, Antihypertensive Drugs 

(ACEI/ARB), Hypoglycemic Drugs (n=4275)
History of Renal Carcinoma, Nephrolithiasis, 

Nephritic Syndrome, Chronic Nephritis, other
Nephropathy (n=1898)

Prediabetic Population
(IFG, or IGT, or IFG+IGT)

(n=32702)

Figure 1 Flow chart of study population.
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Boston, MA, USA), R (http://www.Rproject.org) and 
SPSS version 26.0 (IBM Corp., Armonk, NY, USA). 
Propensity score matching was applied to control the 
bias of baseline characteristics between the two groups 
of uACRs. Matching was performed using a 1:4 ratio 
protocol to match all covariates, with a calliper width 
equal to 0.05 of the standard deviation of the logit of the 
propensity score. Continuous variables were presented as 
mean ±SD or median (IQR) for skewed variables. 
Categorical variables are presented as percentages (%). 
The Kruskal–Wallis test was applied for comparison of 
continuous variables between the uACR groups; chi- 
squared test was used to analyze categorical variable. 
Logistic regression analysis with unadjusted and multi
variate-adjusted models was conducted to determine the 
association between LAP quartiles and the risk of 
increased albuminuria. Conventional risk factors were 
adjusted. Confounding factors that changed the matched 
ORs by at least 10% were also selected for adjustment. 
Model 1 was unadjusted. Model 2 was adjusted for age, 
sex and BMI. Model 3 was additionally adjusted for 
smoking, drinking, family history of diabetes, and CVD 
history, based on Model 2. Model 4 was further adjusted 
for SBP, DBP, HDL, FBG, PBG, and HbA1c based on 
Model 3. In all models, OR (95%CI) were calculated. To 
further examine the association between LAP quartiles and 
the risk of increased albuminuria, stratified analyses were 
performed with gender, age, BP (normal: systolic blood 
pressure (SBP) <120 and diastolic blood pressure (DBP) 
<80 mmHg, borderline BP: SBP: 120–139 and/or DBP 
80–89 mmHg, hypertension: SBP ≥140 or DBP ≥90 
mmHg); BMI: underweight (<18.5 kg/m2), normal weight 
(18.5–23.9 kg/m2), overweight (24–27.9 kg/m2), and obe
sity (≥28.0 kg/m2).15 Potential interactions between LAP 
quartiles and strata variables were assessed in the logistic 
regression analysis after fully adjustment. P-values <0.05 
(two-sided) were considered statistically significant.

Results
Selected Characteristics by uACR 
Category
After propensity score matching, individuals with uACR 
≥30 mg/g were older and had higher BP, BMI, WC, TG, 
fasting insulin, glycohemoglobin and LAP, as well as lower 
eGFR and HDL level than those with normo-albuminuria 
(P≤0.001) (Table 1). The percentage of participants with 
extreme obesity (defined as BMI ≥30 kg/m2) in uACR 

<30 mg/g group was 2.01% (n=281), and 5.64% (n=149) 
in uACR ≥30 mg/g group (Table S1). A slight but significant 
difference of both WHR (P=0.040) and WHtR (P=0.035) 
between uACRs groups was observed. In pairwise compar
isons, those with increased albuminuria were more likely to 
be female (P≤0.001). Participants with increased albumi
nuria were more likely to be smokers or drinkers. The 
prevalence of CVD events was greater in individuals with 
increased uACR (2.73% vs 1.39%, P≤0.001). However, 
neither TC nor LDL presented significant difference 
among groups. Equilibrium was also seen in the prevalence 
of stroke (0.45% vs 0.64%, P=0.253) and myocardial infarc
tion (0.15% vs 0.15%, P=0.988) in pairwise comparisons.

Comparison of Central Adiposity 
Associated with Increased uACR
Multiple logistic regression models for odds of increased 
uACR with central adiposity indices including WHR, 
WHtR and LAP (Table S2) were constructed in the total 
population in unadjusted and fully adjusted models. Each 
index, both in its quartile and continuous form was signifi
cantly associated with increased uACR in the nonadjusted 
model. However, after further adjustments, only the fourth 
quartiles of LAP (OR: 1.42, 95%CI: 1.21–1.67, P<0.001) 
and the fourth quartile of WHtR (OR: 1.36, 95%CI: 1.18– 
1.57, P<0.001) remained significantly associated with 
increased uACR, whereas WHR was not. The association 
between uACR ≥30 mg/g and continuous values of the 
WHR, WHtR, and LAP was consistent with the finding 
delivered by categorical values: each unit elevation of LAP 
was associated with 34% higher odds of increased uACR 
(OR: 1.34: 95%CI: 1.00–1.68, P<0.001). No effect of inter
action in WHR or WHtR with uACR was observed after 
adjustment (also Table S2). Compared to those classic adip
osity indices, LAP was more likely to be closely associated 
with higher odds of increased uACR.

Associations Between Lipid Parameters 
and uACR
As a component of LAP, TG and other lipid parameters 
(TC, HDL-C and LDL-C) were further analyzed for their 
association with increased uACR after adjusting for multi
ple confounders in order to learn which lipid parameter 
was more closely related to increased albuminuria. 
Compared with TC, HDL-C, and LDL-C, although atte
nuated after full adjustment in Model 4, only the TG ≥2.3 
mmol/L category was significantly associated with higher 
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Table 1 Characteristics of Study Population by uACR Category After Propensity Score Matching

Variables uACR <30 mg/g uACR ≥30 mg/g P-value

n 13,987 2644

Age, years 54.86±8.84 59.41±9.88 <0.001

Men, % 4592 (32.83%) 553 (20.92%) <0.001

BMI, kg/m2 22.99±3.25 24.18±3.72 <0.001

SBP, mmHg 121.00 (110.00–133.00) 130.00 (116.00–146.00) <0.001

DBP, mmHg 74.00 (68.00–81.00) 77.00 (70.00–85.00) <0.001

TC, mmol/L 4.83±1.09 4.88±1.13 0.051

TG, mmol/L 1.44±1.02 1.65±1.14 <0.001

HDL, mmol/L 1.35±0.36 1.30±0.33 <0.001

LDL, mmol/L 2.79±0.85 2.80±0.87 0.671

FBG, mmol/L 5.76±0.59 5.78±0.59 0.031

PBG, mmol/L 8.59±1.32 8.72±1.25 0.014

HbA1c,% 5.93±0.44 6.01±0.48 <0.001

Fasting insulin, mU/L 7.60 (5.50–10.30) 8.10 (5.80–11.20) <0.001
ALT, U/L 14.00 (10.00–20.00) 14.00 (11.00–20.00) 0.051

AST, U/L 20.00 (16.00–24.00) 21.00 (17.00–25.00) 0.022

GGT, U/L 18.00 (13.00–27.00) 19.00 (14.00–29.00) 0.024

eGFR, mL/min/1.73m2 118.46 (106.04–132.31) 113.38 (100.04–127.47) <0.001

WC, cm 82.00 (75.00–88.00) 84.05 (78.00–92.00) <0.001
WHR 0.87 (0.82–0.91) 0.88 (0.83–0.92) 0.040

WHtR 0.51 (0.47–0.54) 0.53 (0.49–0.58) 0.035

LAP 25.02 (14.36–41.72) 34.02 (19.80–55.67) <0.001

MI history, % 0.988

Yes 21 (0.15%) 5 (0.15%)
No 13,966 (99.85%) 2639 (99.85%)

Stroke history, % 0.253
Yes 91 (0.64%) 13 (0.45%)

No 13,896 (99.36%) 2631 (99.55%)

CVD history, % <0.001

Yes 196 (1.39%) 73 (2.73%)
No 13,791 (98.61%) 2571 (97.27%)

Smoking habits, % <0.001
No 11,537 (82.47%) 2354 (89.05%)

Occasional 356 (2.55%) 43 (1.64%)

Regular 2094 (14.97%) 247 (9.31%)

Drinking habits, % <0.001

No 9850 (70.42%) 2116 (80.03%)
Occasional 3096 (22.14%) 407 (15.40%)

Regular 1041 (7.44%) 121 (4.57%)

(Continued)
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odds of increased uACR for both genders in all models 
(OR: 1.12, 95%CI: 1.03–1.51, P=0.042 in men; OR: 1.18, 
95%CI: 1.00–1.35, P=0.026 in women; OR: 1.15, 95%CI: 
1.01–1.31, P=0.040 in total population)(Table S3). HDL-C 
<1.0 mmol/L was significantly associated with increased 
uACR only in women in the fully adjusted model (OR: 
1.14, 95%CI: 1.06–1.45, P=0.026) (also Table S3). There 
was no significant and independent association between 
TC or LDL-C and increased uACR.

Association of LAP Quartiles with 
Increased uACR
To investigate the stability of the association between LAP 
quartiles and increased uACR, multiple logistic regression 
analysis for the association between LAP quartiles and 
increased uACR in the prediabetic population were carried 
out (Table 2). Compared to participants with the first 
quartile of LAP, those with a higher level of LAP had 
higher odds for increased uACR among Models 1–3 (P for 
trend <0.001). After further adjustment for SBP, DBP, 
HDL, FBG, PBG, HbA1c, AST and GGT, the association 
was still significant in Model 4 (OR [95%CI]Q2 vs Q1 1.09 
[0.94, 1.27], OR [95%CI]Q3 vs Q1 1.13 [0.97, 1.31], OR 
[95%CI]Q4 vs Q1 1.42 [1.21, 1.67], P for trend=0.018).

Associations Between the LAP Index and 
uACR for Stratified Groups of Gender, 
Age, and BMI
Stratified analysis was performed to verify the stability of 
the relationship between LAP and uACR. In gender stra
tification (Table 3) (P for interaction=0.511), after full 

adjustment for BMI, family history of DM, drinking and 
smoking habit, SBP, DBP, HDL, FBG, PBG, and HbA1c, 
prediabetic women with elevated LAP was associated with 
increased odds of uACR ≥30 mg/g (OR [95%CI]Q2 vs Q1 

1.12 [0.94, 1.33], OR [95%CI]Q3 vs Q1 1.29 [1.08, 1.53], 
OR [95%CI]Q4 vs Q1 1.48 [1.23, 1.79], P for trend <0.001); 
however, no significant association between LAP and 
uACR was observed in men (P for trend=0.052).

In age stratification (also Table 3) (P for interac
tion=0.395), middle aged (40–59 years old) participants 
with higher LAP, were more likely to have increased 
uACR compared to their lower counterpart (OR 
[95%CI]Q2 vs Q1 1.06 [0.88, 1.28], OR [95%CI]Q3 vs Q1 

1.21 [1.01, 1.46], OR [95%CI]Q4 vs Q1 1.47 [1.20, 1.79], 
P for trend <0.001); while in the older group (age ≥60 
years old), the trend vanished.

Although significant associations of elevated LAP with 
increased uACR were observed in participants with all 
range of BP, a rise in BP indicating increased odds of 
increased uACR (Table 4). In participants with normal BP 
(SBP <120 and DBP <80 mmHg), elevated LAP was asso
ciated with increased uACR (OR [95%CI]Q2 vs Q1 1.15 
[0.94, 1.41], OR [95%CI]Q3 vs Q1 1.27 [1.02, 1.57], OR 
[95% CI]Q4 vs Q1 1.36 [1.06, 1.74], P for trend=0.010); 
furthermore, those high LAP level (Q4 quartile) participants 
with borderline BP (≤120 SBP <140 and/or ≤80 DBP <90 
mmHg) or hypertension (SBP ≥140 or DBP ≥90 mmHg) 
were 1.45 (95%CI: 1.09–1.94, P for trend=0.048) or 2.08 
(95%CI: 1.40–3.09, P for trend=0.001) times to have 
increased uACR compared to its lowest counterpart, indi
cating that ascending BP was related to increased albumi
nuria (P for interaction=0.012).

Table 1 (Continued). 

Variables uACR <30 mg/g uACR ≥30 mg/g P-value

DM family history, % 0.007

Yes 2173 (15.54%) 357 (13.49%)

No 11,814 (84.46%) 2287 (86.51%)

LAP quartiles <0.001

Q1 3737 (26.72%) 412 (15.58%)
Q2 3595 (25.70%) 561 (21.22%)

Q3 3473 (24.83%) 695 (26.29%)

Q4 3182 (22.75%) 976 (36.91%)

Notes: Data expressed as mean ±SD for continuous variables or median (IQR) for skewed variables and percentage (%) for categorical variables. 
Abbreviations: uACR, urinary albumin to creatinine ratio; BMI, body mass index; TC, total cholesterol; TG, triglyceride; HDL, high-density lipoprotein cholesterol; LDL, 
low-density lipoprotein cholesterol; FBG, fasting blood glucose; PBG, 2-h postload blood glucose; HbA1c, glycosylated hemoglobin; ALT, alanine transferase; AST, aspartate 
transferase; GGT, gamma-glutamyl transferase; eGFR, estimated glomerular filtration rate; WC, waist circumstance; WHR, waist circumstance to hip circumstance ratio; 
WHtR, waist circumstance to height ratio; LAP, lipid accumulation product index; MI, myocardial infarction; CVD, cardiovascular disease; DM, diabetes mellitus.
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In accordance with BMI (P for interaction=0.256), parti
cipants who were overweight (24 ≤BMI <28 kg/m2) were 
more likely to have increased uACR (OR [95%CI]Q2 vs Q1 

2.15 [1.19, 3.87], OR [95%CI]Q3 vs Q1 1.89 [1.06, 3.36], OR 
[95%CI]Q4 vs Q1 2.34 [1.32, 4.16], P for trend <0.001). 
However, there was no significant relationship between 
LAP quartiles and uACR among participants with obesity, 
normal weight or underweight (also Table 4).

Discussion
Main Findings
In the present study, we found that an ascending level of 
LAP was significantly associated with increased uACR in 

prediabetic women rather than men after adjustment for 
a wide spectrum of biochemical and lifestyle confounders. 
The multiple regression models adjustment for age, sex, 
BMI, DM family history, drinking and smoking habit, 
CVD history, BP, HDL, glucose, and HbA1c, witnessed 
an attenuated trend. Further stratification revealed that the 
prediabetic population with higher LAP level and charac
terized by middle age (40–59 years old) and overweight 
(BMI 24–27.9 kg/m2) were more likely to have increased 
uACR. Besides, the incidence of albuminuria was posi
tively correlated with elevated BP in the higher LAP 
group. To the best of our knowledge, the present study is 
the first multicenter, large sample clinical survey on the 

Table 2 Odds Ratio of uACR ≥30 mg/g by LAP Quartiles in Prediabetic Population

Odds Ratio (95%CI) of Increased uACR by LAPI

LAPI Quartiles

Variables Q1 Q2 Q3 Q4

≤15.11 15.12–26.40 26.41–43.94 ≥43.95 P-value for Trend

uACR category
Model 1 1.00 1.42 (1.24–1.62) 1.82 (1.59–2.07) 2.78 (2.46–3.15) <0.001
P-value <0.001 <0.001 <0.001

Model 2 1.00 1.12 (0.98–1.29) 1.21 (1.05–1.39) 1.56 (1.34–1.80) <0.001

P-value 0.099 0.008 <0.001
Model 3 1.00 1.12 (0.97–1.29) 1.20 (1.04–1.39) 1.55 (1.33–1.79) <0.001

P-value 0.120 0.010 <0.001
Model 4 1.00 1.09 (0.94–.27) 1.13 (0.97–1.31) 1.42 (1.21–1.67) 0.018

P-value 0.238 0.111 <0.001

Notes: Model 1 adjusted for: none. Model 2 adjusted for: age; sex; BMI. Model 3 adjusted for: age; sex; BMI; DM family history; drinking; smoking; CVD history. Model 4 
adjusted for: age; sex; BMI; DM family history; drinking; smoking; CVD history; SBP; DBP; HDL; FBG; PBG; HbA1c. 
Abbreviations: uACR, urinary albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; LAP, lipid accumulation product index; BMI, body mass index; DM, 
diabetes mellitus; CVD, cardiovascular disease; HDL, high-density lipoprotein cholesterol; FBG, fasting blood glucose; PBG, 2-h postload blood glucose; HbA1c, glycosylated 
hemoglobin.

Table 3 Odds Ratio of uACR ≥30 mg/g by LAP Quartiles in Gender and Age Stratified Groups with Prediabetes

Variables Odds Ratio (95%CI) of Increased uACR by LAPI LAPI Quartiles P-value for 
Trend

P for 
Interaction

Q1 Q2 Q3 Q4

UACR 
≥30 mg/g
Gender 0.511

Men 1.00 1.03 (0.77–1.38) 0.69 (0.58–1.05) 1.31 (0.95–1.79) 0.052

Women 1.00 1.12 (0.94–1.33) 1.29 (1.08–1.53)* 1.48 (1.23–1.79)* <0.001

Age, years 0.395

<60 1.00 1.06 (0.88–1.28) 1.21 (1.01–1.46)* 1.47 (1.20–1.79)* <0.001
≥60 1.00 1.02 (0.78–1.34) 0.89 (0.68–1.17) 1.09 (0.82–1.45) 0.227

Notes: *Significance of Pvalue (P<0.05). Adjusted for BMI; DM family; drinking; smoking; SBP; DBP; HDL; FBG; PBG; HbA1c. 
Abbreviations: uACR, urinary albumin to creatinine ratio; eGFR, estimated glomerular filtration rate; LAP, lipid accumulation product index; eGFR BMI, body mass index; 
DM, diabetes mellitus; CVD, cardiovascular disease; HDL, high-density lipoprotein cholesterol; FBG, fasting blood glucose; PBG, 2-h postload blood glucose; HbA1c, 
glycosylated hemoglobin.
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relationship between LAP and uACR in a middle-aged 
Chinese prediabetic population. Therefore, such people 
should be vigilant about the detection, avoidance, and 
intervention of risk factors to prevent the proteinuria 
development.

LAP presented as a surrogate marker of visceral adipos
ity, was reportedly a powerful predictor of prediabetes and 
CKD, respectively.9,16,17 A prospective study in Europe 
enrolled 148 women with polycystic ovary syndrome proved 
that elevated LAP was associated with prediabetes.18 

Another community-based cross-sectional survey involving 
1777 Chinese participants indicated that LAP showed 
a better performance in discriminating IFG risk than 
BMI.17 Meanwhile, a cross-sectional study of 4658 diabetic 
participants conducted in China confirmed that in women, 
increased LAP level was significantly associated with 
a greater prevalence of DKD; furthermore, elevated LAP 
was significantly associated with higher uACR in both 
genders.19 In the current study, LAP was proven to be more 
closely associated with uACR in prediabetes, than WHR and 
WHtR, and independent of measurement of general adiposity 
is consistent with previous data.5

Prediabetes was described as a precursor of chronic kidney 
disease, and vice versa, microvascular dysfunction preceded 
and contributed to hyperglycemia through impairment of insu
lin-mediated glucose disposal and insulin secretion.20–22 

Meanwhile, visceral obesity was also associated with micro
vascular abnormality, including insulin-induced microvascular 
dilation and recruitment, impairments in functional capillary 
density, and endothelium-dependent vasodilation in the 
absence of general obesity,23–25 supporting the notion that 

visceral adiposity was an important driver of DKD.20 In- 
depth research found lipid metabolism dysregulation occur
ring systemically and specifically in the kidneys in diabetic 
individuals.26–28 High fructose feeding rats resulted in altera
tions in lipid metabolism, significantly elevated plasma and 
tissue lipid peroxides.29 Other in vivo studies have also 
described lipid accumulation in the kidney cortex in DKD 
mouse models, demonstrating renal lipids accumulation and 
lipids peroxide are correlating with the development of glo
merulosclerosis in diabetic setting.26,27,30

More previous data have reported lipids crucial roles in 
the development of CKD.31 A study involving 15,362 
diabetic patients in Italy found low HDL-C and high TG 
levels were independent risk factors for the development 
of DKD over four years.32 Data from the UKPDS study 
with a median 15 years of follow-up also showed inde
pendent risk factors for albuminuria including increased 
waist circumference, TG, DLD-C in diabetic population.33 

Our study has also described lipids parameter associations 
with albuminuria in Chinese prediabetic population to 
show that: after full adjustment of confounding factors 
(1) elevated TG was significantly associated with 
increased uACR in both genders, (2) descending HDL-C 
was associated with uACR in women alone, which was 
consistent with previous evidence and might explain LAP, 
as an inexpensive tool to monitor total lipid accumulation 
was superior over other anthropometrical indices by com
bining two efficient and independent risk factors in identi
fying DKD.

In the current study, the association between elevated LAP 
level and increased albuminuria was attenuated after further 

Table 4 Odds Ratio of uACR ≥ 30 mg/g by LAP Quartiles in Metabolic Stratified Groups with Prediabetes

Variables Odds Ratio (95%CI) of Increased uACR by LAPI LAPI Quartiles P-value for Trend P-value for Interaction

Q1 Q2 Q3 Q4

uACR ≥30 mg/g

BP, mmHg 0.012

SBP <120 and DBP <80 1.00 1.15 (0.94–1.41) 1.27 (1.02–1.57)* 1.36 (1.06–1.74)* 0.010

≤120 SBP <140 

and/or ≤80 DBP <90

1.00 1.02 (0.77–1.35) 1.21 (0.92–1.60) 1.45 (1.09–1.94)* 0.048

SBP ≥140 or DBP ≥90 1.00 1.44 (0.97–2.13) 1.29 (0.87–1.91) 2.08 (1.40–3.09)* 0.001

BMI, kg/m2 0.256

<18.5 1.00 0.87 (0.45–1.68) 0.71 (0.26–1.94) 0.70 (0.14–3.52) 0.224

18.5–23.9 1.00 0.99 (0.83–1.18) 1.05 (0.87–1.27) 1.10 (0.88–1.39) 0.121

24–27.9 1.00 2.15 (1.19–3.87)* 1.89 (1.06–3.36)* 2.34 (1.32–4.16)* <0.001

≥28 1.00 2.13 (0.48–9.41) 1.79 (0.45–7.18) 1.96 (0.50–7.68) 0.463

Notes: *Significance of P-value (P<0.05). Adjusted for age; sex; BMI; DM family; drinking; smoking; SBP; DBP; HDL; FBG; PBG; HbA1c. 
Abbreviations: uACR, urinary albumin to creatinine ratio; LAPI, lipid accumulation product index; BMI, body mass index; DM, diabetes mellitus; CVD, cardiovascular 
disease; HDL, high-density lipoprotein cholesterol; FBG, fasting blood glucose; PBG, 2-h postload blood glucose; HbA1c, glycosylated hemoglobin.
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adjustment for BP, HDL-C, FBG, and PBG in Model 4 com
pared with Models 1 to 3, suggesting that metabolic abnorm
alities added to the risk of albuminuria. Evidence showed 
modifiable factors including poor glycemic control, 
hypertension,34 dyslipidemia,35,36 and obesity37–39 contribute 
to the development of CKD in patients with diabetes. Besides, 
further stratification analysis demonstrated that female gender, 
middle age (40–59 years old) rather than the older group (≥60 
years old), rise in blood pressure and weight increase the odds 
of proteinuria. (1) Sex hormones influenced body fat distribu
tion and CKD progression, which subsequently affect the 
association of visceral adiposity with CKD in different gen
ders. In premenopausal women, subcutaneous adipose tissue 
fat accumulated, whereas in postmenopausal women and men, 
due to the rapid decline in estrogens, more abdominal visceral 
adipose tissue fat accumulated.40 Thus we speculated that the 
gender-specific discrepancy in the relationship between LAP 
and uACR is due to sexual hormone-induced fat distribution. 
(2) Advanced age was believed to be a nonmodifiable risk 
factor of CKD,41 we speculated that the senior residents take 
a more healthy diet and lifestyle into consideration to prevent 
the development of microvascular complications as reported 
before.42 Thus, in the older group we could not observe the 
significant relationship on LAP and uACR. (3) Much evidence 
proved that better blood pressure41,43,44 and weight control 
delay the development of diabetic renal dysfunction.45 Thus 
the early detection and intervention on those modifiable and 
metabolic risk factors can reduce the additive risk of albumi
nuria in the prediabetic population.

In place of sophisticated imaging methods for estimat
ing the lipid burden in an isolated tissue, LAP as an 
inexpensive tool to monitor total lipid accumulation and 
a surrogate marker of visceral adiposity was reportedly 
a better predictor of diabetes, a risk factor of CKD and all- 
cause mortality, compared with central adiposity such as 
BMI. To date, despite the extensive research on LAP as 
visceral obesity and CKD, previous studies have failed to 
investigate the visceral obesity and uACR in the predia
betic population at high-risk of developing diabetes. Thus 
the current study provides evidence on elevated level of 
LAP can be applied as an effective indicator of diabetic 
nephropathy. We believe in taking LAP into consideration 
as part of the management strategy to reduce risk of 
diabetic nephropathy in further clinical practice.

Limitation
There are several limitations to this study. First, this is 
a retrospective single-center cross-sectional study; the 

analysis of the causative effect of LAP on DKD is 
limited. The causal relationship between LAP and 
uACR requires further prospective investigation. 
Second, other than bringing the existing adjustment 
variables into analysis, the absence of other confounders 
may interact with dependent and independent variables. 
Third, as the participants enrolled in the REACTION 
study were aged ≥40 years old, a considerable number 
of middle-aged men were occupied with full-time jobs, 
while more women were available for the informed 
consent process and the following recruitment, which 
might also partly cause the insignificancy in relationship 
of LAP and uACR in men.

Conclusion
In this study, we observed that the elevated level of LAP 
was associated with increased albuminuria in the predia
betic population in China. Individuals with higher LAP 
who are female, middle-aged (40–59 years old), hyperten
sive and overweight have increased odds of proteinuria. 
Thus, the marker of visceral adiposity, LAP might be 
a useful clinical indicator of diabetic nephropathy in the 
prediabetic Chinese population. Our study sheds light onto 
the perspective for LAP as a reliable and convenient tool 
identifying diabetic microvascular disease and 
a therapeutic marker to refine the distribution and deposi
tion of visceral fat and lipid accumulation other than just 
weight loss.

Abbreviations
ALT, alanine transferase; AST, aspartate transferase; BMI, 
body mass index; BP, blood pressure; CKD, chronic kid
ney disease; CVD, cardiovascular disease; DKD, diabetic 
kidney disease; DM, diabetes mellitus; eGFR, estimated 
glomerular filtration rate; FBG, fasting blood glucose; 
GGT, gamma-glutamyl transferase; HbA1c, glycosylated 
hemoglobin; HC, hip circumference; HDL, high-density 
lipoprotein cholesterol; IFG, impaired fasting glucose; 
IGT, impaired glucose tolerance; LDL, low-density lipo
protein cholesterol; MI, myocardial infarction; OGTT, oral 
glucose tolerance test; PBG, 2-h postload blood glucose; 
TC, total cholesterol; TG, triglyceride; uACR, urinary 
albumin to creatinine ratio; WC, waist circumstance; 
WHR, waist circumstance to hip circumstance ratio; 
WHtR, waist circumstance to height ratio; LAP, lipid 
accumulation product index.
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